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Abstract Complementary to the conventional experimental studies on iV* from tyN and ^*'N reactions, the 
e + e~ , pp and pp collisions can give novel insights into these N* resonances. While the e + e~ collisions through 
production and decay of vector charmonium ip provide a nice isospin filter for a simultaneously study of N* , 
A*, A*, E* and S*, the pp collisions should be the best place for producing those A* ++ with large coupling to 
p + p though pp — > nA* ++ reaction, and the pp collisions should be the best place for looking for those N* with 
large coupling to aN. 

Key words N* resonances, e + e~ collision, pp collision, pp collision 
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1 Introduction 

There are two well-known problems for the classi- 
cal 3q constituent quark models. The first one is the 
mass reverse problem for the lowest excited states. 
In the simple 3q constituent quark model, the low- 
est spatial excited baryon is expected to be a (uud) 
N* state with one quark in orbital angular momen- 
tum L = 1 state, and hence should have negative 
parity. Experimentally ^, the lowest negative par- 
ity N* resonance is found to be AT* (1535), which 
is heavier than two other spatial excited baryons : 
A* (1405) and A^*(1440). In the classical 3q con- 
stituent quark model, the A* (1405) with spin-parity 
1/2 - is supposed to be a (uds) baryon with one quark 
in orbital angular momentum L = 1 state and about 
130 MeV heavier than its N* partner N*(1535); the 
AT* (1440) with spin-parity l/2 + is supposed to be a 
(uud) state with one quark in radial n = 1 excited 
state and should be heavier than the L = 1 excited 
(uud) state AT* (1535), noting the fact that for a sim- 
ple harmonic oscillator potential the state energy is 
(2n + L + 3/2)Hu>. So for these three lowest spatial 
excited baryons, the classical quark model picture is 
already failed. The second problem is that in many 
of its forms it predicts a substantial number of 'miss- 
ing N* states' around 2 GeV/c 2 , which have not so 



far been observed ^. Since the more number of ef- 
fective degrees of freedom the more predicted number 
of excited states, the 'missing N* states' problem is 
argued in favor of the diquark picture which has less 
degree of freedom and predicts less N* states ^ . For 
example, in diquark models, the two quarks forming 
the diquark are constrained to be in the relative S- 
wave, and hence cannot combine the third quark to 
form (20,l^)-multiplet baryons. Experimentally, not 
a single (20,lJ)-multiplet baryon has been identified 
yet ^. However, non-observation of these 'missing 
N* states' does not necessarily mean that they do 
not exist. In the limit that the 7 or i couples to 
one quark in the nucleon in the 7 A" or ttN reactions, 
the (20,lJ)-multiplet baryon cannot be produced ^. 
Considering higher order effects, they may have weak 
coupling to ttN and 7 AT, but may be too weak to be 
observed by presently available 7rA^ and 7A^ experi- 
ments t 2 -'^. 

To solve the mass order reverse problem, it seems 
necessary to go beyond the simple quenched 3q quark 
models. In fact the spatial excitation energy of a 
quark in a baryon is already comparable to pull a 
qq pair from the gluon field. Even for the proton, 
the well established d/u asymmetry with the num- 
ber of d more than u by an amount d — u ~ 0.12 ^ 
demands its 5-quark components to be at least 12%. 
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The 5-quark components can be either in the form of 
meson cloud, such as n(udd)n + (ud), or in other forms 
of quark correlation, such as penta-quark configura- 
tion [ud] [ud]d with [ud]-diquark correlation. In either 
meson cloud model or penta-quark model, the mass 
order reverse problem of TV* (1535) and A* (1405) can 
be easily explained. In the meson cloud models 
the iV*(1535) is explained as a Kh-KY, quasi-bound 
state while A* (1405) is a dynamically generated state 
of coupled KN-Tiir channels. In the penta-quark 
models the A^*(1535) is mainly a [ud][us]s 

state while A* (1405) is mainly a [wd][s<7]g state with 
qq = (uu + dd) / \J~2. 

These unquenched models give interesting pre- 
dictions for the SU(3) partners of the A* (1405) and 
A^*(1535). For example, the penta-quark models ^ 
predict a E*(l/2~) resonance with a mass around 
£*(1385)-3/2+ and a S*(l/2") around S*(1530)- 
3/2 + . These predicted states are still 'missing' from 
PDG list ™. However, possible evidence for their ex- 
istence in J/ip decays ^ and K~p — > A7r + 7r~ reac- 
tion ^ has recently been pointed out. 

To look for these 'missing' baryon resonances to 
establish correct picture for the baryon structure, the 
scheduled high statistics 7p and Kp experiments are 
necessary. Here we want to show that the e + e~, pp 
and pp collisions could also play unique complemen- 
tary role and should be explored. 

2 N* from e+e" -> if) -> NN* 

The J/ip and tp' experiments at BES provide an 
excellent place for studying excited nucleons and hy- 
perons - N* , A*, S* and S* resonances Compar- 
ing with other facilities, the BES baryon program has 
advantages in at least three obvious aspects: 

(1) For the cc^ NNtt and NNirir processes, the 
ttN and mrN systems are expected to be dominantly 
isospin 1/2 due to that the isospin-conserving three- 
gluon annihilation of the constituent c-quarks dom- 
inates over the isospin violating decays via interme- 
diate photon for the baryonic final states, while irN 
and 7T7rA^ systems from ttN and jN experiments are 
mixture of isospin 1/2 and 3/2 with similar strengths, 
and hence suffer difficulty on the isospin decomposi- 
tion; 

(2) ip mesons decay to baryon-antibaryon pairs 
through three or more gluons. It is a favorable 
place for producing hybrid (qqqg) baryons, and for 
looking for some "missing" N* resonances, such as 
members of possible (20, lj )-multiplet baryons, which 
have weak coupling to both ttN and ~/N, but stronger 



coupling to g 3 N; 

(3) Not only N* , A*, E* baryons, but also S* 
baryons with two strange quarks can be studied. 
Many QCD-inspired models ^ are expected to be 
more reliable for baryons with two strange quarks due 
to their heavier quark mass. More than thirty S* res- 
onances are predicted where only two such states are 
well established by experiments. The theory is totally 
not challenged due to lack of data. 
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Fig. 1. Data divided by MC phase space vs pit 
invariant mass for J/tp —*pn~n (solid circle) 
and pir + n (open square) from Ref. [14]. 

A typical example showing the isospin and spin 
filter effect is given by the study of J/ip — > pnn~ +c.c. 
channel [14] . The data vs pir invariant mass divided by 
Monte Carlo phase space including the detection effi- 
ciency are shown in Fig. [T] At low pn invariant mass, 
the tail from nucleon pole term, expected from the- 
oretical considerations listi!^ i s clearly seen. There 
are clearly four peaks around 1360 MeV, 1500 MeV, 
1670 MeV and 2065 MeV. Note that the well known 
first resonance peak (A(1232)) in irN and 7^V scat- 
tering data does not show up here due to the isospin 
filter effect of the J/ip decays. While the two peaks 
around 1500 MeV and 1670 MeV correspond to the 
well known second and third resonance peaks ob- 
served in irN and 7^ scattering data, the two peaks 
around 1360 MeV and 2065 MeV have never been ob- 
served in ttN invariant mass spectra before. The one 
around 1360 MeV should be from V*(1440) which 
has a pole around 1360 MeV ti-ii'iS anc j which is 
usually buried by the strong A peak in irN and 7A^ 
experiments; the other one around 2065 MeV may be 
due to the long sought "missing" N* resonance(s). 
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For the decay J/ip — > TV TV* (2065), the orbital angu- 
lar momentum of L = is much preferred due to 
the suppression of the centrifugal barrier factor for 
L > 1. For L = 0, the spin-parity of TV* (2065) is lim- 
ited to be 1/2+ and 3/2+. This may be the reason 
that the TV* (2065) shows up as a peak in J/ip decays 
while only much broader structures show up for ttN 
invariant mass spectra above 2 GeV in irN and 7 TV 
production processes ^ which allow all 1/2+ , 3/2+ , 
5/2+ and 7/2+ TV* resonances around 2.05 GeV to 
overlap and interfere with each other there. A simple 
Breit-Wigner fit ^ gives the mass and width for the 
TV*(1440) peak as 1358+6+16 MeV and 179+26+50 
MeV, consistent perfectly with the PDG pole value 
for the TV*(1440), i.e., 1365+15 MeV and 190 + 30 
MeV, respectively. For the new TV* peak above 2 GeV 
the fitted mass and width are 2068 ± 3 1^5 MeV and 
165+14+40 MeV, respectively. A partial wave analysis 
indicates that the TV* (2065) peak contains both spin- 
parity 1/2+ and 3/2+ components Very recently, 
a detailed partial wave analysis of the J/ip — > ppn 
channel concludes besides a l/2 + TV* (2100) a 3/2 + 
TV* around 2040 MeV is needed to fit the data 123 . 

The pfnr~ +c.c. channel has also been studied from 
tp' decays The TV* (1440) becomes the largest sig- 
nal and there are obvious structures for M Nn > 2 GeV 
in the TV7r invariant mass spectra as shown in Fig. [2] 
But due to low statistics at BESII, no conclusive in- 
formation can be drawn for the TV* resonances with 
mass above 2 GeV. 



nels on the TV* (1535) resonance. In J/ip — -> ppi], 
as expected, the TV* (1535) gives the largest contri- 
bution [22. In J/ip — > pK~A + c.c, a strong near- 
threshold enhancement is observed for KA invariant 
mass spectrum 22 as duplicated in Fig. [31 The KA 
threshold is 1609 MeV. The near-threshold enhance- 
ment is confirmed by J/ip — > nK s A + c.c. Since 
the mass spectrum divided by efficiency and phase 
space peaks at threshold, it is natural to assume it 
comes from the sub-threshold nearby TV* (1535) res- 
onance. Then from BES measured branching ratios 
of J/ip^pprj 22 and ip -^pK~A + c.c. 22J, the ratio 
between effective coupling constants of TV* (1535) to 
KA and TV 77 is deduced to be around 1 22 . Recently, 
by treating the peak as dynamically generated with 
unitary chiral theory, then the peak is a coherent ef- 
fect of TV*(1535) pole and background, and the ratio 
between effective coupling constants of TV* (1535) to 
KA and TV 77 is deduced to be around 0.6 22 , 

With previous known value of <7jv*(i535)jvt,, the ob- 
tained new value of 9jv*(1535)ka is shown to repro- 
duce recent pp — > pK + A near-threshold cross sec- 
tion data 22 as well. There are also indications for 
the large gmns3S)KA from partial wave analysis of 
7P — > KA reactions 22 ; the large <?at*(i535)av cou- 
pling from 7p — > pr)' reaction at CLAS 22 anc [ from 
pp — + pp-q' reaction 22 ; and large gN*(i535)Nj> cou- 
pling from ir~p — > n(f>, pp — > pp<j) and pn — > d(j> reac- 



tions 



[31, 32] 



but smaller coupling of g N 



*(1535)itE 



from 



comparison of pp— >pK + A to pp~*pK + YP 22. 




n Jt or n Jt invariant mass (GeV/c ) 



Fig. 2. Data divided by efficiency and phase 
space vs nn~ (or nn + ) invariant mass for 
ip' -^pniv~ +c.c. from Ref. [21]. 

Another very interesting result comes from the 
study of J/ip — > pprj and J/ip — > pK~A + c.c. chan- 




-M K -M A (GeV/(?) 



Fig. 3. Invariant mass spectrum divided by ef- 
ficiency and phase space vs Mka — Mk — Ma 
for J/ifj->pK-X + c.c. from Ref. [23]. 

The observed decay pattern of the TV* (1535) sup- 
ports the picture that there is a large mixture of the 
I [uef] [us]s > pentaquark component in the TV*(1535). 
It not only gives a natural explanation of the mass 
reverse problem of the lowest excited states but also 
explains naturally its large couplings to the TV 77, TV 77' 
and KA meanwhile small couplings to the TV7r and 
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JsTS. In the decay of the | [ud] [us]s > pentaquark com- 
ponent, the [ud] diquark with isospin I = is stable 
and keeps unchanged while the [us] diquark is broken 
to combine with the s to form either K + {us)k([ud]s) 
or r)(ss)p([ud]u) . 

If this picture of large 5-quark mixture is cor- 
rect, there should also exist the SU(3) nonet part- 
ners of the V*(1535) an d A*(1405), i.e., an addi- 
tional A* 1/2- around 1570 MeV, a triplet E* 1/2" 
around 1360 MeV and a doublet S* l/2~ around 1520 
MeV ^ . There is no hint for these baryon resonances 
in the PDG tables ^. However, as pointed out in 
Ref. ^, there is in fact evidence for all of them in 
the data of J/ip decays. According to PDG ^, the 
branching ratios for J/ip — > fVE*(1385) + and J/ip—> 
S+S*(1530)- are (3.1±0.5)xl0~ 4 and (5.9±1.5)xl0" 4 , 
respectively. These two processes are SU(3) breaking 
decays since £ and S belong to SU(3) l/2 + octet 
while S*(1385) and S*(1530) belong to SU(3) 3/2+ 
decuplet. Comparing with the similar SU(3) break- 
ing decay J ftp — > pA + with branching ratio of less 
than 1 x 10 -4 and the SU(3) conserved decay J/ip—> 
pV*(1535) + with branching ratio of (10±3) x 10" 4 , 
the branching ratios for J/ip — > E~E*(1385) + and 
J/ifi — > S+S*(1530)~ are puzzling too high. A possi- 
ble explanation for this puzzling phenomena is that 
there were substantial components of l/2~ under 
the 3/2+ peaks but the two branching ratios were 
obtained by assuming pure 3/2 + contribution. In 
fact, a recent re-examination of some old data of the 
AT~p— > Air + ir~ reaction reveals that besides the well 
established S*(1385) with J p = 3/2+, there is indeed 
some evidence for the possible existence of a new E* 
resonance with J p = l/2~ around the same mass but 
with broader decay width. This possibility could also 
be easily checked with the high statistics BESIII data 
in near future. 

With 10 9 ?/>'(3686) and 10 10 J/ip events at BESIII, 
the N* , A*, A*, E* and S* can be well explored for 
masses up to 2740 MeV, 2450 MeV, 2570 MeV, 2490 
MeV and 2360 MeV, respectively. Not only J/i[> and 
ip' but also Xc.i can have enough statistics for studying 
these baryon resonances. Because the Xcj cannot de- 
cay to hadrons through one virtual photon as vector 
charmonia do, the \cj decays provide an even better 
isospin filter for studying baryon resonances. 

3 N* from pp -> NN* 

The proton beams at COSY/Juelich and 
CSR/Lanzhou can provide pp collisions with center- 
of-mass (CM) energies up to 3 GeV. The pp — > NN* 



reaction can provide another useful source of infor- 
mation on N* resonances. Many results from bary- 
onic channels in charmonium decays can be cross- 
checked by corresponding channels from pp colli- 
sions. For example, comparing J/tp — > pK + A with 
pp — > pK + A, they share the same K + A resonances 
and the same t-channel exchange interaction for pA 
and pA. The large 7V*(1535)Aif coupling observed 
in J/t/j — > pK + A should also have some reflection 
in pp — > pK + A, for which some very precise near- 
threshold data are now available from COSY experi- 
ments 121'^. Indeed a theoretical prediction without 
including the V*(1535) contribution "2 is obviously 
underestimating the near-threshold data of COSY as 
shown by the dotted line in Fig. HJ After adding the 
contribution from the V*(1535) with its coupling to 
KA determined from J/ip decays the data can 
be reproduced perfectly as shown by the solid line in 
Fig. 0] While the pA final state interaction (FSI) is 
pointed out to play important role to reproduce the 
cross section data ^ , the Dalitz plot data ^£2 clearly 
show that both pA FSI and V*(1535) contribution 
are important. 




1E-4 r , , , r- 

1E-3 0.01 0.1 1 

S^-S^Gev) 

Fig. 4. The cross section of the reaction pp — > 
pK + A as a function of the excess energy with- 
out (dotted line) and with (solid line) includ- 
ing the contribution from V*(1535) compared 
with data. From Ref. [25]. 

The V*(1440) peak in the mr + invariant mass 
spectrum observed in the J/tJj — > pnn + reaction ^ 
is also observed in the corresponding pp — > pnir + re- 
action by the CELSIUS- WASA Collaboration 1233. It 
is found that the t-channel tr-meson exchange plays 
dominant role for the production of the V*(1440) res- 
onance 12». This suggests that the pp — > NN* reac- 
tion is a good place for looking for those "missing" 
N* with large coupling to Na. The pp—>pmr + reac- 
tion at higher energies should be explored at COSY 
and CSR. 
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Recently, the CELSIUS- WASA Collaboration ob- 
served an s-channel resonance-like structure around 
2.36 GeV in the pn -> dTr°n° reaction It is 

just around AW* (1440) threshold. Note that the 
A* (1440) has the same quantum number of nucleon 
and has a large coupling to Act. It is likely to form 
a AA*(1440) quasibound state by t-channel a and 
other meson exchanges as deuteron as a bound state 
of pn. Then the AA*(1440) quasibound state decays 
in to da due to the large A* (1440) Act coupling. 

Besides the complementary study on the isospin 
1/2 A* resonances, the pp collisions can also pro- 
vide a new excellent source for studying their isospin 
3/2 partners, i.e., A ++ * resonances. The spectrum 
of isospin 3/2 A ++ * resonances is of special interest 
since it is the most experimentally accessible system 
composed of 3 identical valence quarks. However, our 
knowledge on these resonances mainly comes from old 
7rA experiments and is still very poor ^ . A recent 
study f40 ' on pp-*nK + Yj + reaction suggests that the 
reaction is an excellent place for looking for those 
"missing" A ++ * with large coupling to pp + . 



A* ++ (1620) with p + exchange 



100 
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A*^(1920) with n + exchange 
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Fig. 5. Total cross section vs kinetic energy of 
proton beam for the pp — > nK + T, + reaction: 
data [41,42] and calculation (solid curve for 
sum of other curves) [40]. 

At present, little is known about the pp — > 
nK + Yi + reaction. Experimentally there are only a 
few data points about its total cross section versus en- 
ergy Iii'^2J. Theoretically a resonance model with an 
effective intermediate A ++ *(1920) resonance ^ and 
the Jiilich meson exchange model ^ reproduce the 
old data at higher beam energies ^ quite well, but 
their predictions for the cross sections close to thresh- 
old fail by order of magnitude compared with a re- 
cent COSY-11 measurement Recently this reac- 
tion was restudied ^ . With an effective Lagrangian 



approach, contributions from a previous ignored 
sub-A+S+-threshold resonance A++*(1620)l/2- are 
fully included in addition to those already consid- 
ered in previous calculations. It is found that the 
A ++ *(1620) resonance gives an overwhelmingly dom- 
inant contribution for energies very close to thresh- 
old, with a very important contribution from the t- 
channel p exchange as shown in Fig. [5] This may 
solve the problem that all previous calculations seri- 
ously underestimate the near-threshold cross section 
by order(s) of magnitude. 

A important implication of this study is that the 
pp — > nA ++ * may provide a good source for exploring 
p + p— > A ++ * and should be further studied at COSY 
and CSR. 

A more recent measurement of the pp —* nK + Y, + 
reaction near its threshold by ANKE collabora- 
tion ^ gives a much smaller cross section than 
those by COSY-11. This would mean much smaller 
A++*(1620) contribution and n£+ FSI. Since both 
detectors are not 4ir solid angle detectors, there is 
model dependence to deduce the total cross section 
from a fraction of 4-7T solid angle measurement. A 
good Dalitz plot measurement with a good 4-7T solid 
angle detector would be very helpful to settle down 
the contradiction. 

4 N* from pp -> NN* 

The antiproton beam at PANDA/FAIR is going to 
perform pp collision experiment with beam momenta 
ranging from 1.5 to 15 GeV. The pp collisions could 
provide a much richer source for the production of 
baryon resonances than e + e~ collisions. All the final 
states of e + e~ collisions and much more other states 
are accessible by pp collisions. A large portion of pp 
final states contain baryons and should not be wasted 
at PANDA/FAIR. 

Recently, a proposal is made to study A* reso- 
nances with pp —>■ pnn + reaction ™ . Due to absence 
of the A ++ production for this reaction, the contri- 
bution of the A excitation is much smaller than in 
the corresponding pp — > prm + reaction. It is found 
that for the beam momenta around 1.5^3 GeV, the 
contribution of the Roper resonance A* (1440) pro- 
duced by the t-channel a exchange dominates over 
other contributions due to its known large coupling 
to Act as shown by the predicted nir + invariant 

mass spectrum for the reaction at T p = 2.88 GeV in 
FigEl This will provide the cleanest place for study- 
ing the properties of the Roper resonance and the best 
place for looking for other "missing" A* resonances 
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with large coupling to Na. 



140 r- 

120 - 




1 1.2 1.4 1.6 1.8 2 

M n7t+ (GeV) 

Fig. 6. Predicted nir + invariant mass spectrum 
(solid curve) for the pp — » pnir + reaction at 
Tp — 2.88 GeV, compared with phase space 
distribution (dashed curve) [46]. 

Another interesting possibility is that the poorly 
known Q* resonances may be produced and studied 
by PANDA/FAIR experiment while they cannot be 
studied from charmonium decays due to limited en- 
ergy. 

5 Summary and prospects 

In summary, complementary to the conventional 
experimental studies on N* from irN and 7WJV re- 
actions, the e + e~ , pp and pp collisions can give novel 
insights into these N* resonances. 

The e + e~ collisions through production and decay 
of charmonia ip and \cj provide a nice isospin filter 



for a simultaneously study of N* , A*, A*, S* and 5*. 
With 10 9 ^'(3686) and 10 10 J/tp events at BESIII, 
the N* , A*, A*, S* and S* can be well explored for 
masses up to 2740 MeV, 2450 MeV, 2570 MeV, 2490 
MeV and 2360 MeV, respectively. Many new baryon 
resonances should be observed. 

The pp collisions should be the best place for pro- 
ducing those A* ++ with large coupling to p + p though 
pp — > nA* ++ reaction. It is also a nice place for study- 
ing the N* resonances with large coupling to Na. The 
COSY/Jiilich is short of a good 47T solid angle detec- 
tor for both charged and neutral particles for a com- 
prehensive study of the baryon spectrum. The study 
of this aspect should be continued at Lanzhou CSR 
with the schedule 4-7T solid angle detector HPLUS for 
both charged and neutral particles ^ . 

The pp collisions should be the best place for look- 
ing for those N* with large coupling to aN and for 
the study of the poorly known fl* resonances. A large 
portion of pp final states contain baryons and should 
not be wasted at the forthcoming PANDA/FAIR ex- 
periment with the antiproton beam. Instead PANDA 
should play important role on baryon spectroscopy. 

With e+e" experiment at BESIII/BEPCII, pp 
experiment at HPLUS/Lanzhou, pp experiment at 
PANDA/FAIR joining the force of 7 W experiments 
at CEBAF/JLAB, ELS A, Spring-8, and K beam ex- 
periment at JPARC for the study of baryon spectrum, 
a new era of baryon spectrum study is foreseeing to 
come. 
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